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A common and disabling consequence of stroke is the difficulty in processing
contralesional space (i.e., hemispatial neglect). According to paper-and-pencil tests,
neglect remits or stabilizes in severity within a few months after a brain injury. This
arbitrary temporal limit, however, is at odds with neglect’s well-known dependency on
task-sensitivity. The present study tested the hypothesis that the putative early resolution
of neglect might be due to the insensitivity of testing methods rather than to the lack of
spontaneous recovery at later stages. A right hemisphere stroke patient was studied
longitudinally for 3 years. According to paper-and-pencil tests the patient showed no
symptom of hemispatial neglect 1 month post stroke. Awareness of spatially lateralized
visual targets was then assessed by means of computer-based single- and dual-tasks
requiring an additional top-down deployment of attention for the parallel processing of
visual or auditory stimuli. Errorless performance at computer-based tasks was reached
at month 12 and maintained until month 29 after stroke. A bottom-up manipulation was
then implemented by reducing target diameter. Following this change, more than 50%
of contralesional targets were omitted, mostly under dual-tasking. At months 40 and
41 the same task revealed a significant (but not complete) reduction in the number of
contralesional omissions. Ipsilesional targets were, in contrast, still errorless detected.
The coupling of a bottom-up (target change) and a top-down (dual-tasking) manipulation
revealed the presence of a long-lasting spontaneous recovery from contralesional spatial
awareness deficits. In contrast, neither manipulation was effective when implemented
separately. After having excluded the potential confound of practice effects, it was
concluded that not only the presence but also the time course of hemispatial neglect
strongly depends on the degree of attentional engagement required by the task.
Keywords: stroke, hemispatial neglect, spontaneous recovery, spatial attention, spatial awareness, attentional
load, neuroplasticity, attentional capacity
Right-hemisphere lesions often result in hemispatial neglect, a deficit affecting the conscious
processing of the side of space opposite to the damaged hemisphere (Driver and Vuilleumier,
2001; Corbetta and Shulman, 2011; Bartolomeo et al., 2012; Vuilleumier, 2013). Neglect is
a major burden for patients and families (Paolucci et al., 2001). Its rehabilitation poses a
number of challenges to patients, clinicians and researchers (Barrett et al., 2006). In the case
of clinicians and researchers these challenges are largely due to the heterogeneity of factors
influencing this disorder (Bowen et al., 1999). Just to provide two examples, the presence and the
severity of neglect dissociate depending on the nature of the task (e.g., cancellation vs. line bisection,
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see Ferber and Karnath, 2001) and spatial domain under
investigation (e.g., peripersonal vs. extrapersonal space, Halligan
and Marshall, 1991).
In addition to these well-documented factors, several lines of
evidence have recently converged on the notion that the presence
and the severity of neglect strikingly depends on the difficulty
level of the task at hand. Specifically, the level of attentional
engagement required by the task and the (im)possibility to
actively compensate for the spatial attention deficits are major
determinants of neglect (Bartolomeo, 1997; Rengachary et al.,
2009; Bonato et al., 2010; Bonato and Deouell, 2013; van Kessel
et al., 2013). Increased attentional engagement can hamper
contralesional awareness in two different ways: by enlarging the
degree of neglected contralesional space (Russell et al., 2004; Sarri
et al., 2009) or, when the eccentricity of targets is kept constant,
by increasing the proportion of omissions (Bonato et al., 2013).
The dependence of contralesional hemispace deficits on task
difficulty clearly depicts neglect as a continuous rather than
dichotomous disorder. According to this view, some patients
with non-pathological scores on tests might simply suffer mild
neglect which goes undetected by standard methods. This issue
is frequently overlooked when studying the evolution of neglect
over time. Current knowledge about neglect’s spontaneous
remission has been acquired by using the same paper-and-pencil
tests which are currently considered insufficiently sensitive to
detect its presence (Rengachary et al., 2009). Unsurprisingly,
these tests show an initial, fast recovery (Nijboer et al., 2013)
which is followed, within 2 to 4 months after insult, by either a
stabilization or a disappearance of neglect (Cassidy et al., 1998).
In the majority of patients, including those cases with severe
spatial neglect in the acute phase, performance is thought to
recover and stabilize by the third month post stroke onset (Stone
et al., 1992). However, an even faster recovery rate has been
reported. According to Robertson and Eglin (1992), ‘‘clinical
neglect usually lasts for only a few weeks or months’’ (p. 169).
As reported in Maguire and Ogden (2002), full resolution of
symptoms can occur in most patients even earlier, i.e., over the
first 10 days. In contrast to the studies above, other authors
(Denes et al., 1982) suggest that neglect is much more stable
over time and that only a minority of patients fully recover
within 6 months. Nevertheless, both views agree on the absence
of spontaneous recovery at later stages.
Here I aim to provide a proof of concept for the notion
that the putative invariance of neglect symptoms in chronic
stroke survivors reflects task insensitivity rather than genuine
stabilization/remission of deficits. The present study reports on
a right hemisphere stroke patient whose (apparent) recovery
from visuospatial deficits during the post-acute phase, assessed
with both standard tests and computerized tasks, has already
been described in detail elsewhere (Bonato et al., 2012). In
that study it was found that, despite a normal performance
on paper-and-pencil tests, the requirement to perform a spatial
monitoring task while concurrently responding to visual or
auditory stimuli (i.e., dual-task setting) exposed the latent
presence of neglect. The dual-task manipulation enabled the
detection of a large number of contralesional omissions (>80%)
one month after stroke, and the omissions rapidly decreased
to below 25% by the third month. The crucial aspect of the
study by Bonato et al. (2012) was that, although omissions
could not be detected with clinical tests, they were nonetheless
detected through computer-based dual-tasking. However, as
reviewed above, detecting spontaneous recovery within the first
few months after stroke is not surprising (see Kwakkel and
Kollen, 2013, for a review).
The natural continuation of the study by Bonato et al. (2012)
would be an investigation, in the same patient, of recovery
at later stages, when spontaneous recovery is considered rare,
and neuropsychological data on spatial processing improvements
are hardly ever longitudinally collected (e.g., Karnath, 1988).
Even considering research performed on earlier stages (e.g., few
weeks to months post injury), to my knowledge, there is no
study that took practice effects into account when the methods
involved repeated administrations of paper-and-pencil tests such
as drawing and cancellation. Thus, it is difficult to discern
whether performance improvements are due to deficit remission
or to test-retest practices. In the present study, I examined the
hypothesis that (latent forms of) neglect can be revealed by
increasing processing load. A stronger attentional engagement,
in the case of latent spatial disorders, would then results in
reduction of attentional capacity specific to the contralesional
hemispace. The hypothesis was tested using a single vs. dual-task
approach (Bonato et al., 2012). Computer-based tasks have the
potential to unveil the presence of spatial neglect even several
years post injury (Farnè et al., 2004; Deouell et al., 2005; Bonato,
2012).
Method
The research was approved by the Ethical committee of the
Department of General Psychology, University of Padua. The
patient gave informed consent to take part in the study in
accordance with the Declaration of Helsinki.
Case Details
The patient (hereafter: GB) was a right-handed woman who had
a stroke at the age of 63 years. Her brain scans collected 3 months
after stroke (see Figure 1) showed a vast cortical-subcortical
ischemic area which included the frontal pars opercolaris, the
insula, and the posterior parietal cortex within the right middle
cerebral artery territory. She underwent thrombolysis. One
month after stroke her performance on a comprehensive battery
for neglect (Behavioral Inattention Test, BIT, Wilson et al., 1987)
was within normal range. Despite the considerable lesion, the
patient had no residual motor disorders at discharge.
Procedures
This paper reports on the results of six testing sessions which
took place at patient’s home after 328 days (month 11), 476
days (month 16), 886 days (month 29), 1221/1222 days (month
40, session 1 and 2) and 1254 days (month 41) after stroke. In
all sessions, each lasting approximately 2 h, GB was asked to
perform three computer-based tasks and two Double-Stimulus
Stimulation tasks.
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FIGURE 1 | CT scans of patient GB after 3 months from stroke onset. Fronto-parietal hypointensity within the territory of the right middle cerebral artery is
visible.
Her performance between month 1 and month 6 after stroke
was reported previously (Bonato et al., 2012).
Computer-Based Single and Dual Tasks
Computer-based tasks were programmed with E-Prime.1 A
head-and-chin rest was placed at a distance of 60 cm from
a 15′′ computer monitor. A camcorder recording enabled the
detection of trials contaminated by eye movements. Each trial
started with a blank screen (1000 ms) followed by a central, black
fixation point (1000 ms, white background) and encompassed
the concurrent, brief (50 ms) visual presentation of a lateralized
target dot and of a letter at fixation (a, b, v, or z, see Bonato
et al., 2012). Concurrently, a spoken number word (e.g., one,
two, eight, or nine) was presented through headphones. The
target could appear with the same probability on the left, on
the right or bilaterally with a distance from the center of 13◦.
In all testing sessions performed until month 29 (included), the
target diameter was 8 mm and subtended 0.8◦ of visual angle.
From the second task administration at month 29 onwards,
its diameter was then reduced to 3 mm (subtended angle
about 0.3◦).
There were three conditions with identical stimuli and
different instructions (Figure 2). Total duration was roughly
45 min. Task instructions and order were as follows:
In the single-task (ST) condition, the position of the
target(s) (i.e., ‘‘right, ‘‘left, or ‘‘both’’ sides) had to be reported,
disregarding the central letter and the auditory number.
In the auditory dual-task (ADT) condition, starting from
the spoken number word (e.g., eight) the patient had to count
forward twice in steps of two (e.g., ten-twelve), and then report
the position of the lateral visual target(s). In the visual dual-task
(VDT) condition the spoken number word had to be ignored,
and the centrally presented letter read aloud before reporting the
position of the lateral visual target(s).
The experimenter coded the oral responses to the position
of the target (‘‘left’’, ‘‘right’’, ‘‘both’’ sides, no response) and to
1http://www.pstnet.com/
the concurrent task. Only trials with a correct response to the
concurrent feature (if required) were considered. There were two
blocks (48 trials each) in every experimental condition, for a total
of 288 trials per session.
At month 40 a version encompassing additional no-target
trials (25% of total) was presented to control for potential
response bias. At month 41 the task was re-administered in
the original, large diameter version. Two additional versions
were also tested. In the first one the diameter of the left target
was varied during the experiment, whereas in the second one
the position of the left target was shifted either upwards or
downwards (for 25% of vertical height).
Following Heilman et al.’s (2003, p. 296) definition neglect is
‘‘the failure to report, respond or orient to novel or meaningful
stimuli presented to the side opposite a brain lesion, when this
failure cannot be attributed to either sensory or motor deficits’’.
This definition will be operationalized by comparing omissions
occurring in the contralesional hemispace across conditions as
well as through the test of comparison with omissions occurring
in the ipsilesional hemispace.
For each session the patient also underwent a Double-
Stimulus Stimulation (DSS) in both the visual and the tactile
modalities (Bisiach and Faglioni, 1974; see Maravita et al., 2007
regarding its high sensitivity). In the visual modality 20 bilateral,
32 left, and 32 right stimuli, half in the upper and half in the lower
visual field, were presented in a fixed random order (Bisiach et al.,
1983). In the tactile modality 10 bilateral, 16 left and 16 right
stimuli were presented.
To ensure that healthy adults do not demonstrate lateralized
bias in the current protocol, an age- and sex-matched healthy
control was tested on the same task (small diameter version only).
Results and Discussion
Computer-Based Tasks
Trials contaminated by eye movements (<2%) were discarded
from further analysis. Within each task trials were collapsed
according to stimulus position. Analysis were performed for
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FIGURE 2 | A schematic representation of the three different conditions characterizing the main computer-based task. The upper panel shows the large
diameter (8 mm) version, administered until month 29. The lower panel shows the small diameter (3 mm) version, administered on month 29 and onwards. Adapted
from Bonato (2012).
unilateral targets only. During the testing sessions performed
at months 11, 16 and 29 using standard target diameter,
GB showed virtually no contralesional omissions under any
condition (average 1.5%, all ps ns, see Figure 3). This absence
of omissions is the natural continuation of the decrease in the
number of omissions which had been measured by Bonato et al.
(2012) with the same tasks in the acute and post-acute phases
(until month 6). However, it is also possible that this absence of
omissions simply indicates that the task was no longer sufficiently
engaging attention to reveal significant spatial asymmetries in
attentional capacity. Accordingly, spontaneous yet more subtle
recovery might still have been present.
Reduced Target Diameter
In order to test whether the recovery measured by the task was
full or only partial, target diameter was reduced (from 0.8◦ to
0.3◦) and the task re-administered (months 29, 40 and 41). After
the reduction in target diameter, at month 29, contralesional
omissions re-emerged (see Figure 3). They were significantly
more frequent in the VDT (78.1%) and in the ADT (53.1%)
with respect to the ST (21.4%), χ2(1,60) = 19.22, p < 0.001 and
χ2(1,57) = 8.19, p < 0.01, respectively. In other words, a rather
striking number of omissions emerged across the very same
tasks which, in the same session, led to ceiling performance
when a larger target diameter was adopted. Significantly more
omissions emerged for left than for right targets in the ST
(3.1% of omissions) χ2(1,59) = 4.6, p < 0.05; in the VDT (6.3%)
χ2(1,64) = 33.9, p < 0.001; and in the ADT (0%) χ2(1,60) = 25.4, p
< 0.001 (see Figure 4). Bymonth 40 the number of contralesional
omissions significantly decreased to 0% in the ST, χ2(1,60) = 7.6,
p < 0.05, to 32.3% in the VDT, χ2(1,61) = 11.8, p < 0.001 and
to 16.1% in the ADT, χ2(1,49) = 5.4, p < 0.05. The difference
with respect to right targets was significant for the VDT only
(ipsilesional omissions = 0%), χ2(1,60) = 12.8, p < 0.001 (see
Figure 3). To exclude that these improvements were due to
practice effects or to a response bias a version encompassing a
condition without targets (25% of trials) was administered the
following day, that is, during testing session 2 of month 40.
Contralesional detection was still largely impaired under Dual-
Task conditions (53.1 and 19.2% of omissions in the VDT and in
the ADT, respectively, not shown in the Figure 3). Performance
did not differ from session 1 (both ps > 0.2, ns). Moreover, no
response bias emerged; across all trials without target, the patient
refrained from responding (accuracy 100%).
After one month (41 from stroke), the reduced diameter task
was re-administered. During this final session (see Figure 3)
contralesional omissions found under VDT (37.5%) did not
differ, χ2(1,61) = 0.06, p = 1, ns compared with the month 40
session. There were no omissions under ST and a negligible
number (3.1%, ns) under ADT. Only in the VDT condition were
there significantly more omissions in the left than in the right
(3.1%) hemispace, χ2(1,63) = 11.3, p< 0.01 (see Figure 4).
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FIGURE 3 | The contralesional omissions (%) across the three main
tasks (ST, ADT, VDT) are shown as a function of the temporal interval
between the stroke and the testing. The first three testing sessions (left)
within the white square show performance following the presentation of a target
with a diameter of 8 mm. The last three testing sessions show omissions
obtained with the same tasks (single- or dual-) after target diameter reduction
(3 mm). Additional variants (not reported here) show that the effects of response
bias/test-retest effects were either limited or absent, confirming that omissions
mainly indexed spontaneous recovery. Data points on the left of the square
(recovery at earlier stages) are adapted from Bonato et al. (2012).
FIGURE 4 | The ipsilesional omissions (%) across the three main tasks
(ST, ADT, VDT) are shown as a function of the temporal interval between
the stroke and the testing. The first three testing sessions (left) within the
white square show performance obtained by presenting an 8 mm target. The
last three testing sessions show omissions obtained with the same tasks
(single- or dual-) after target diameter reduction.
Additional Tasks at Month 41
The version with larger target diameter was re-administered and
again led to ceiling performance (0% omissions).
Two additional manipulations were then performed (not
shown in the Figures 3, 4). The first one was aimed at
further testing the reliability of the apparent causal link between
reduced target diameter/dual-tasking and increased omissions.
A modified VDT version was administered, encompassing the
larger diameter for half of the left targets and the reduced
diameter for the other half. A larger number of omissions were
found for the small (62.5%) than for the full-sized (13.3%) targets,
χ2(1,34) = 9.8, p< 0.01.
The second manipulation was meant to assess the potential
impact of practice effects in a different manner. The position
of the left target was changed along the Y axis, with the target
presented either in the upper or in the lower quadrant. If
performance improvements were due to repetitive focusing of
spatial attention at the only contralesional location where the
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target was expected (at this point of the testing GB had performed
more than 3500 trials), adding two potential locations would have
resulted in substantial performance deterioration.
However, the mean error rate resulting from this
manipulation (33 or 37.1% considering DT conditions only) did
not significantly differ from the 37.5% found for VDT, χ2(1,63) =
0.87, p = 1, ns.
Excluding Within-Session Improvements
To directly exclude the presence of within-session improvements
the data from the three testing sessions with reduced target
diameter (months 29, 40 and 41) were re-analyzed and within
session comparisons were performed. The number of omissions
occurring within the first vs. the second block of every task was
compared separately for each session. If anything, a tendency
towards a fatigue effect was present (omissions first half: 21%;
second half: 33%).
Control Participant
The control participant performed at ceiling across all tasks
(100% of left targets detected). In a previous study (Bonato et al.,
2010) the large diameter version has been administered to three
healthy controls without resulting in any lateralized pattern of
omissions.
Concurrent Task Performance
Concurrent task performance was at ceiling in the ADT and
resulted in an accuracy as high as 99% in the VDT.
Double-Stimulus Stimulation
The patient correctly reported all contralesional single targets in
both visual and tactile modalities across all sessions.
General Discussion
The present study longitudinally tested the dependency of the
spontaneous remission from neglect on task sensitivity in a right-
hemisphere stroke patient. According to paper-and-pencil tasks,
full recovery was already present 1 month after onset. According
to performance on a computer-based task encompassing a top-
down only manipulation, however, recovery completed only
12 months after stroke. It was here shown that, by adding
to the same task a bottom-up manipulation leading to higher
attentional engagement, enduring deficits were again detected
during chronic phases (between month 29 and 41). Moreover,
significant improvements still emerged across the various testing
sessions.
The coupling of a top-down with a bottom-up manipulation
was particularly effective. The number of omissions elicited
at month 29 (small target) were similar to the number of
omissions elicited at month 1 with the standard target. The
presence of contralesional omissions was rather surprising for
several reasons. First, they occurred at a very late stage (between
2.5 and 3.5 years from onset). Second, omissions emerged
following repeated ceiling performance with the same task, which
already successfully detected a ‘‘first’’, seemingly full, remission
in the post-acute phase. Third, the patient had no impairments
according to clinical tests (paper-and-pencil tasks and DSS).
Moreover, practice effects were excluded and performance for
targets appearing within the ipsilesional hemispace was at ceiling.
The detection of significant, spontaneous recovery after more
than 3 years from lesion, when no spontaneous improvements
can typically be measured, suggests that previous inferences
about the short time course of neglect remission were biased by
the use of rather insensitive instruments. The number of task
variants allowed for the exclusion of alternative explanations
and to conclude that the performance improvements mostly
mirrored the remission of the core deficit suffered rather than
compensatory strategies or test-retest practice effects as is often
the case with classic paper-and-pencil tests.
In the current study, the bottom-up and top-down
manipulations were implemented both concurrently and in
isolation. One might have expected that after such a long
post-injury temporal interval, either the dual task or the
target-related manipulation would become ineffective. Yet,
the data showed that both manipulations were ineffective
when implemented in isolation but still led to a substantial
number of omissions when concurrently implemented. In
the cases both of dual-tasking with a larger target dimension
and of single task with a small target dimension, omissions
were almost or totally absent. The observation that omissions
only emerged in a dual-task setting, confirms that high task
engagement results in enhanced sensitivity in detecting spatial
awareness biases. This sensitivity allowed to effectively induce
and measure contralesional omissions even at very late stages
post stroke. Even in healthy participants visuospatial processing
is characterized by capacity limits (Morgan and Solomon, 2006;
Holcombe and Chen, 2012; Giesbrecht et al., 2014). Dual-task
taxing on attentional control highlights that the capacity limits
become, after brain damage, spatially asymmetric with impaired
performance in the contralesional hemispace (Habekost and
Rostrup, 2006).
The similar degree of omissions across two dual-tasks which
were very different in nature can also be easily interpreted
by positing the presence of supramodal attentional resources
whose amount is limited and depletable (see Bonato, 2012,
for a review). The overlapping performance found for the two
dual tasks in the acute stage diverged at the last stage (month
41), with worse performance for the VDT (stable omissions)
than for the ADT (disappearance of omissions). This difference
between dual-tasks indicates that, at least after repeated practice,
VDT performance is more stable and immune from test-
retests effects with respect to ADT. In general, the deterioration
found under dual-tasking, in particular for the ADT, was
neither obvious nor trivial. The opposite results might have
been predicted because right-hemisphere patients are known to
strikingly improve their spatial monitoring performance when
alerted by a sound (Robertson et al., 1998). Moreover, when
motor output is measured in neurological patients (or in older
healthy adults, see Verrel et al., 2009), a cognitive dual-tasking
can lead to improvements in performance due to the increased
need to focus on the task and possibly also because of its
more controlled implementation (Bourlon et al., 2014). The
strong asymmetry between the consistent effects on the spatial
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monitoring and the absence of effect on the depleting task
(Schaefer, 2014) allow us to identify the spatial monitoring as
the cognitive ability mostly affected by the stroke. However,
the unidirectional modulation of non-spatial tasks upon spatial
awareness does not exclude that bidirectional influences are
possible and that lateralized targets might modulate performance
in non-spatial tasks. Indeed spatial and non-spatial deficits
are closely intertwined in neglect (Van Vleet and DeGutis,
2013).
After a brain injury, in the absence of additional intervening
factors, performance tends to improve with time, due to
cerebral reorganization and the implementation of strategies.
It is however rather difficult to distinguish these two closely
associated components (Murphy and Corbett, 2009). The
promising insensitivity of the instrument to test-retest effects
described here might allow researchers to better focus on
components that are due to genuine recovery rather than
to practice effects and compensatory strategies. The increase
in contralesional omissions when a concurrent target was
ipsilesionally presented provides additional evidence of the
pathological and asymmetric dependency of contralesional
attentional capacity on attentional engagement and processing
load induced by unilateral brain damage.
Study Limitations
While the dual-tasking approach is promoted as a more
appropriate testing option for spatial disorders in the chronic
phase, its limitations should be clearly outlined and heeded.
First, it measures performance in the peripersonal spatial
domain only, and does not provide any hints on performance
in the personal nor in the extrapersonal domain. Second, the
contralesional deficits detected by the dual-task/small target
manipulation may not have a counterpart in everyday life.
Further research is therefore needed to explore to what extent
task performance correlates with everyday life performance.
Third, a larger control group should be tested to further ensure
that the deficits here described are caused by the brain damage
and not by an asymmetry in attention (Peers et al., 2006).
Clinical Implications
The findings from the present study provided empirical
evidence for the hypothesis (Kwakkel et al., 2006) that the
early disappearance of post-stroke improvements might be due
to ceiling effects. According to performance on cancellation
tasks, which are commonly adopted for neglect diagnosis
(Ferber and Karnath, 2001), spontaneous neglect recovery ends
approximately 3 months after stroke (Nijboer et al., 2013).
In contrast, the attention-demanding approach adopted in the
present study has demonstrated that improvement of neglect
continues for more than 3 years post injury.
It is worth remembering that undiagnosed neglect precludes
proper access to rehabilitation and constitutes a major threat
for patients and for other people (Deouell et al., 2005). In the
present study, the performance of GB was notably affected by
neglect in everyday-life, although mostly evident only when she
had to deal with dual-tasking situations in spatial contexts. At
month 41, after the testing ended and while talking with the
experimenter, GB failed to notice the presence of a glass with a
beverage which was being offered by her husband on her left-
hand side. The husband repeatedly invited her to grasp the glass
but she failed to notice its presence. Notably, in the presence
of motor or cognitive deficits (absent in GB but often present
in stroke), it would have been very difficult to demonstrate any
(subtle) neglect presence. Both GB and her husband denied any
problem related to ‘‘forgetting the left side of space’’ in everyday
life.
While taking into account the above mentioned limitations,
it should however be noted that the VDT version conceptually
resembles the peripheral target detection of the Useful Field
Of View (UFOV; Ball et al., 1988) test and that, in turn,
performance on the UFOV is an excellent predictor of car crash
risk in the elderly (Owsley et al., 1998). Importantly, the current
problem for neglect diagnosis concerns false negatives and not
false positives. Indeed, despite its early disappearance from
most clinical measures (Corbetta and Shulman, 2011), neglect
is known to negatively influence the possibility for patients to
return to a productive life (Denes et al., 1982; Paolucci et al.,
2001).
The high sensitivity and specificity characterizing this
new approach are crucial aspects for a neuropsychological
instrument. Far from merely being an elegant manipulation, the
impossibility of efficiently performing multitasking can have a
negative impact on patients’ autonomy. Paradoxically, the dual-
task, computer-based manipulation can be seen as closer to
everyday life than paper-and-pencil tests (see Deouell et al.,
2005 vs. Jehkonen et al., 2012). The idea here was not to use
materials/settings one is familiar with, but rather, to simulate the
cognitive demands everyday life requires. Surprisingly enough,
the dual-task approach is widely adopted in clinical fields where
cognitive components play a less prominent role. For instance, in
the motor domain, the great sensitivity of dual-tasking approach
for estimating the risk of falls (Schaefer, 2014) and walking
performance after stroke (Baetens et al., 2013) is well-established.
The difficult question of whether an impaired performance for
the contralesional hemispace results in functional impairments
can be answered only in a patient-specific manner. If a patient
wants to return to driving, a subtle deficit like the one described
here might potentially result in a functional impairment.
Conclusion
The present research findings do not question but rather
confirm that recovery is quantitatively larger and qualitatively
more genuine in the early phases after stroke (Stone et al.,
1992; Nijboer et al., 2013). What can be considered new and
unequivocal is that different tasks leading to heterogeneous levels
of attentional engagement, not necessarily spatial in nature,
will result in very different mappings of recovery in time. The
unexpectedly long-lasting (neuro)functional plasticity (Murphy
and Corbett, 2009) revealed by this new approach also suggests
that restitutive neurorehabilitation might be possible for several
years after stroke. Moreover, highly sensitive approaches as
the one described here can detect small post-rehabilitation
improvements which would instead go undetected by standard,
less sensitive, instruments.
Frontiers in Human Neuroscience | www.frontiersin.org 7 July 2015 | Volume 9 | Article 413
Bonato Residual spontaneous recovery from subtle neglect
Acknowledgments
The study was supported by a FWO Pegasus/Marie Curie IEF
Fellowship within the 7th European Community Framework
Programme. The author is thankful to GB for her time
and efforts, to Mariagrazia Ranzini for useful suggestions
and to Rebecca Callahan and Elger Abrahamse for proof-
reading.
References
Baetens, T., De Kegel, A., Palmans, T., Oostra, K., Vanderstraeten, G., and
Cambier, D. (2013). Gait analysis with cognitive-motor dual tasks to distinguish
fallers from nonfallers among rehabilitating stroke patients. Arch. Phys. Med.
Rehabil. 94, 680–686. doi: 10.1016/j.apmr.2012.11.023
Ball, K. K., Beard, B. L., Roenker, D. L., Miller, R. L., and Griggs, D. S. (1988).
Age and visual search: expanding the useful field of view. J. Opt. Soc. Am. A 5,
2210–2219. doi: 10.1364/josaa.5.002210
Barrett, A. M., Buxbaum, L. J., Coslett, H. B., Edwards, E., Heilman, K. M., Hillis,
A. E., et al. (2006). Cognitive rehabilitation interventions for neglect and related
disorders: moving from bench to bedside in stroke patients. J. Cogn. Neurosci.
18, 1223–1236. doi: 10.1162/jocn.2006.18.7.1223
Bartolomeo, P. (1997). The novelty effect in recovered hemineglect. Cortex 33,
323–332. doi: 10.1016/s0010-9452(08)70008-x
Bartolomeo, P., Thiebaut de Schotten, M., and Chica, A. B. (2012). Brain networks
of visuospatial attention and their disruption in visual neglect. Front. Hum.
Neurosci. 6:110. doi: 10.3389/fnhum.2012.00110
Bisiach, E., Cappa, S. F., and Vallar, G. (1983). Guida all’esame Neuropsicologico.
Milano, Italy: Raffaello Cortina Editore.
Bisiach, E., and Faglioni, P. (1974). Recognition of random shapes by patients
with unilateral lesions as a function of complexity, association value and delay.
Cortex 10, 101–110. doi: 10.1016/s0010-9452(74)80001-8
Bonato, M. (2012). Neglect and extinction depend greatly on task demands: a
review. Front. Hum. Neurosci. 6:195. doi: 10.3389/fnhum.2012.00195
Bonato, M., and Deouell, L. (2013). Hemispatial neglect: computer-based testing
allows more sensitive quantification of attentional disorders and recovery and
might lead to better evaluation of rehabilitation. Front. Hum. Neurosci. 7:162.
doi: 10.3389/fnhum.2013.00162
Bonato, M., Priftis, K., Marenzi, R., Umiltà, C., and Zorzi, M. (2010).
Increased attentional demands impair contralesional space awareness following
stroke.Neuropsychologia 48, 3934–3940. doi: 10.1016/j.neuropsychologia.2010.
08.022
Bonato, M., Priftis, K., Marenzi, R., Umiltà, C., and Zorzi, M. (2012). Deficits of
contralesional awareness: a case study on what paper and pencil tests neglect.
Neuropsychology 26, 20–36. doi: 10.1037/a0025306
Bonato, M., Priftis, K., Umiltà, C., and Zorzi, M. (2013). Computer-based
attention-demanding testing unveils severe neglect in apparently intact
patients. Behav. Neurol. 26, 179–181. doi: 10.1155/2013/139812
Bourlon, C., Lehenaff, L., Batifoulier, C., Bordier, A., Chatenet, A., Desailly,
E., et al. (2014). Dual-tasking postural control in patients with right
brain damage. Gait Posture 39, 188–193. doi: 10.1016/j.gaitpost.2013.
07.002
Bowen, A., McKenna, K., and Tallis, R. C. (1999). Reasons for variability in the
reported rate of occurrence of unilateral spatial neglect after stroke. Stroke 30,
1196–1202. doi: 10.1161/01.str.30.6.1196
Cassidy, T. P., Lewis, S., and Gray, C. S. (1998). Recovery from visuospatial
neglect in stroke patients. J. Neurol. Neurosurg. Psychiatry 64, 555–557. doi: 10.
1136/jnnp.64.4.555
Corbetta, M., and Shulman, G. L. (2011). Spatial neglect and attention networks.
Annu. Rev. Neurosci. 34, 569–599. doi: 10.1146/annurev-neuro-061010-113731
Denes, G., Semenza, C., Stoppa, E., and Lis, A. (1982). Unilateral spatial neglect
and recovery from hemiplegia: a follow-up study. Brain 105, 543–552. doi: 10.
1093/brain/105.3.543
Deouell, L. Y., Sacher, Y., and Soroker, N. (2005). Assessment of spatial attention
after brain damage with a dynamic reaction time test. J. Int. Neuropsychol. Soc.
11, 697–707. doi: 10.1017/s1355617705050824
Driver, J., and Vuilleumier, P. (2001). Perceptual awareness and its loss in
unilateral neglect and extinction. Cognition 79, 39–88. doi: 10.1016/s0010-
0277(00)00124-4
Farnè, A., Buxbaum, L. J., Ferraro, M., Frassinetti, F., Whyte, J., Veramonti, T.,
et al. (2004). Patterns of spontaneous recovery of neglect and associated
disorders in acute right brain-damaged patients. J. Neurol. Neurosurg.
Psychiatry 75, 1401–1410. doi: 10.1136/jnnp.2002.003095
Ferber, S., and Karnath, H. O. (2001). How to assess spatial neglect-line bisection
or cancellation tasks? J. Clin. Exp. Neuropsychol. 23, 599–607. doi: 10.1076/jcen.
23.5.599.1243
Giesbrecht, B., Sy, J., Bundesen, C., and Kyllingsbaek, S. (2014). A new perspective
on the perceptual selectivity of attention under load. Ann. N Y Acad. Sci. 1316,
71–86. doi: 10.1111/nyas.12404
Habekost, T., and Rostrup, E. (2006). Persisting asymmetries of vision after right
side lesions. Neuropsychologia 44, 876–895. doi: 10.1016/j.neuropsychologia.
2005.09.002
Halligan, P. W., and Marshall, J. C. (1991). Left neglect for near but not far space
in man. Nature 350, 498–500. doi: 10.1038/350498a0
Heilman, K. M., Watson, R. T. andValenstein, E. (2003). ‘‘Neglect and related
disorders,’’ in Clinical Neuropsychology 4th Edn., eds K. M. Heilman and E.
Valenstein (Oxford, UK: Oxford University Press), 296–348.
Holcombe, A. O., and Chen, W.-Y. (2012). Exhausting attentional tracking
resources with a single fast-moving object. Cognition 123, 218–228. doi: 10.
1016/j.cognition.2011.10.003
Jehkonen, M., Saunamäki, T., Alzamora, A. K., Laihosalo, M., and Kuikka, P.
(2012). Driving ability in stroke patients with residual visual inattention: a case
study. Neurocase 18, 160–166. doi: 10.1080/13554794.2011.568504
Karnath, H. O. (1988). Deficits of attention in acute and recovered visual hemi-
neglect. Neuropsychologia 26, 27–43. doi: 10.1016/0028-3932(88)90028-0
Kwakkel, G., and Kollen, B. J. (2013). Predicting activities after stroke: what
is clinically relevant? Int. J. Stroke 8, 25–32. doi: 10.1111/j.1747-4949.2012.
00967.x
Kwakkel, G., Kollen, B., and Twisk, J. (2006). Impact of time on improvement
of outcome after stroke. Stroke 37, 2348–2353. doi: 10.1161/01.str.0000238594.
91938.1e
Maguire, A. M., and Ogden, J. A. (2002). MRI brain scan analyses and
neuropsychological profiles of nine patients with persisting unilateral neglect.
Neuropsychologia 40, 879–887. doi: 10.1016/s0028-3932(01)00169-5
Maravita, A., Posteraro, L., Husain, M., Vuilleumier, P., Schwartz, S., and Driver,
J. (2007). Looking at human eyes affects contralesional stimulus processing
after right hemispheric stroke. Neurology 69, 1619–1621. doi: 10.1212/01.wnl.
0000277696.34724.76
Morgan, M. J., and Solomon, J. A. (2006). Attentional capacity limit for visual
search causes spatial neglect in normal observers. Vision Res. 46, 1868–1875.
doi: 10.1016/j.visres.2005.11.026
Murphy, T. H., and Corbett, D. (2009). Plasticity during stroke recovery: from
synapse to behaviour. Nat. Rev. Neurosci. 10, 861–872. doi: 10.1038/nrn2735
Nijboer, T. C., Kollen, B., and Kwakkel, G. (2013). Time course of visuospatial
neglect early after stroke: a longitudinal cohort study. Cortex 49, 2021–2027.
doi: 10.1016/j.cortex.2012.11.006
Owsley, C., Ball, K., McGwin, G. Jr., Sloane, M. E., Roenker, D. L., White, M. F.,
et al. (1998). Visual processing impairment and risk of motor vehicle crash
among older adults. JAMA 279, 1083–1088. doi: 10.1001/jama.279.14.1083
Paolucci, S., Antonucci, G., Grasso, M. G., and Pizzamiglio, L. (2001). The role
of unilateral spatial neglect in rehabilitation of right brain-damaged ischemic
stroke patients: a matched comparison. Arch. Phys. Med. Rehabil. 82, 743–749.
doi: 10.1053/apmr.2001.23191
Peers, P. V., Cusack, R., and Duncan, J. (2006). Modulation of spatial bias in the
dual task paradigm: evidence from patients with unilateral parietal lesions and
controls. Neuropsychologia 44, 1325–1335. doi: 10.1016/j.neuropsychologia.
2006.01.033
Rengachary, J., d’Avossa, G., Sapir, A., Shulman, G. L., and Corbetta, M. (2009). Is
the posner reaction time test more accurate than clinical tests in detecting left
Frontiers in Human Neuroscience | www.frontiersin.org 8 July 2015 | Volume 9 | Article 413
Bonato Residual spontaneous recovery from subtle neglect
neglect in acute and chronic stroke? Arch. Phys. Med. Rehabil. 90, 2081–2088.
doi: 10.1016/j.apmr.2009.07.014
Robertson, L. C., and Eglin, M. (1992). ‘‘Attention shifts in neglect,’’ in Unilateral
Neglect: Clinical and Experimental Studies, eds I. H. Robertson and J. C.
Marshall (Hillsdale, UK: Lawrence Erlbaum), 169–191.
Robertson, I. H., Mattingley, J. B., Rorden, C., and Driver, J. (1998). Phasic alerting
of neglect patients overcomes their spatial deficit in visual awareness. Nature
395, 169–172. doi: 10.1038/25993
Russell, C., Malhotra, P., and Husain, M. (2004). Attention modulates the visual
field in healthy observers and parietal patients. Neuroreport 15, 2189–2193.
doi: 10.1097/00001756-200410050-00009
Sarri, M., Greenwood, R., Kalra, L., and Driver, J. (2009). Task-related modulation
of visual neglect in cancellation tasks. Neuropsychologia 47, 91–103. doi: 10.
1016/j.neuropsychologia.2008.08.020
Schaefer, S. (2014). The ecological approach to cognitive-motor dual-tasking:
findings on the effects of expertise and age. Front. Psychol. 5:1167. doi: 10.
3389/fpsyg.2014.01167
Stone, S. P., Patel, P., Greenwood, R. J., and Halligan, P. W. (1992). Measuring
visual neglect in acute stroke and predicting its recovery: the visual neglect
recovery index. J. Neurol. Neurosurg. Psychiatry 55, 431–436. doi: 10.1136/jnnp.
55.6.431
van Kessel, M. E., van Nes, I. J., Geurts, A. C., Brouwer, W. H., and Fasotti, L.
(2013). Visuospatial asymmetry in dual-task performance after subacute stroke.
J. Neuropsychol. 7, 72–90. doi: 10.1111/j.1748-6653.2012.02036.x
Van Vleet, T., and DeGutis, J. (2013). The non-spatial side of spatial neglect
and related approaches to treatment. Prog. Brain Res. 207, 327–349. doi: 10.
1016/b978-0-444-63327-9.00012-6
Verrel, J., Lövdén, M., Schellenbach, M., Schaefer, S., and Lindenberger, U. (2009).
Interacting effects of cognitive load and adult age on the regularity of whole-
body motion during treadmill walking. Psychol. Aging 24, 75–81. doi: 10.
1037/a0014272
Vuilleumier, P. (2013). Mapping the functional neuroanatomy of
spatial neglect and human parietal lobe functions: progress and
challenges. Ann. N Y Acad. Sci. 1296, 50–74. doi: 10.1111/nyas.
12161
Wilson, B., Cockburn, J., and Halligan, P. (1987). Development of a behavioral test
of visuospatial neglect. Arch. Phys. Med. Rehabil. 68, 98–102.
Conflict of Interest Statement: The author declares that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2015 Bonato. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution and
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
Frontiers in Human Neuroscience | www.frontiersin.org 9 July 2015 | Volume 9 | Article 413
